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There is no more constant complaint among men suffering from
the irritable heart of soldiers than that of fatigue. In civil life these
men learned to adapt themselves to a low economic level by acquiring
positions in which they could earn a living with the minimum of
endeavor. Apparently the fatigue is of so real a nature to them that,
to avoid it, they renounce most of the games and pleasures indulged
in by the growing boy. In the army these men meet first their old
enemy, physical exertion, without preliminary training, and with
physique usually entirely inadequate to the demands. A consider¬
able percentage do practically no duty, collapsing under the first
"hike" ; it is with this group that the work at Lakewood has largely
dealt. Still others with this condition struggle through the training
period, only to break down under the strain of battle conditions.

This work was undertaken with the purpose of finding some index
to the degree or to the nature of this fatigue. Ryan1 has observed
that general fatigue exerts an influence on the white vasomotor reflex
which is produced by stroking the skin with a blunt edged instru¬
ment. He showed that activity or loss of sleep causes a measurable
shortening of the time interval between the appearance and fading
of the white line that appears on the skin after such a stroke.
Ryan constructed a simple spring instrument with which a stroke
can be made by a blunt edge of wood under any desired pressure.
His kindness in furnishing us such an instrument made this work
possible.

The fatigue of which patients with the symptom complex of irri¬
table heart complain is not limited to certain muscle groups. It is a

general and frequently an overwhelming sensation. They often sit
abject wherever they find themselves at the end of their exercises or

throw themselves on their beds as soon as they can make their way
to their wards. This study is concerned with general fatigue, and
this symptom is largely responsible for the military disability of men

with the irritable heart.

* From the U. S. Army General Hospital No. 9.
1. Ryan, A. H. (with the collaboration of J. H. Gordon) : Proc. Soc. Am.

Phys., December, 1917.
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Ryan made his observations on five healthy nurses. He made
readings of the duration of the vasomotor reflex at various times of
day over a considerable period. He demonstrated that the duration
time of the vasomotor reflex was shorter after a day's work than it
was in the morning. He has, therefore, introduced this test as an

index to general fatigue.
The white vasomotor reflex is well described by Longet,2 who

refers to previous observations by Marey.3 Longet describes the phe¬
nomenon as follows : "By stroking the skin with a blunt instrument,
one sees first a white line from mechanical stripping; then, twenty
or thirty seconds later, the white persistent line appears. This line
diffeis from that made with a sharp instrument, which has a red
center and white edges." This description agrees with the observa¬
tions made at Lakewood, with the exception that the "latent period,"
the time between the stroke and the appearance of the persistent
white line, has often been as short as ten seconds.

The nature of the phenomenon is not easy to determine. Vulpian4
says, "The phenomenon bears chiefly on the arterioles of the stimu¬
lated region, which are richly supplied with muscle fibers. These
probably contract, forcing the blood into the capillaries. The capil¬
laries then become blanched, being pressed on by the elasticity of the
surrounding tissues, while no blood reaches them from the arterioles."
Vulpian considered that, in addition to the muscular factor, the vaso¬
motor apparatus is brought into play in the production of this phe¬
nomenon, because the appearance of the white line is not immediate.
Whether there is a vasomotor element or not it is difficult to say, for
the evidence from the literature does not carry us beyond the mus¬

cular factor. The effect of fatigue in shortening the duration of the
line is probably exerted exclusively on the muscular apparatus, as

nerve fibers are known to be unchanged by any stimulation short of
the most prolonged, while smooth muscle is readily fatigued. Lee5
says, "While nerve is probably not indefatigable, it is extremely
resistant in comparison with other peripheral tissues." The same

writer6 tells us, from observations on skeletal muscle, that the depres¬
sing action of fatigue substance is exerted on the muscle protoplasm
itself. Howell7 concludes that local fatigue is due to the elaboration
of lactic acid, carbonic acid, and possibly acid potassium phosphate,
and that the effect is probably due to the acidity of the products formed.

2. Longet,  .: Traite de Physiologie 2: 1869.
3. Marey: Ann. des Sciences Nat. Zool., Series 4, 9:68.
4. Vulpian : Physiologie et Pathologie du l'Appareil Vaso-Moteur, p. 46.
5. Lee, F. S. : J. A. M. A. 46:1491 (May 19) 1906.
6. Lee, F. S., Am. J. Physiol. 20:170, 1907.
7. Howell: Textbook of Physiology, W. B.'Saunders Co., Philadelphia and

London, Ed. 7, 1918.
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It seems, therefore, that we are dealing with a muscular or neuro-
muscular phenomenon of the peripheral vascular system, the dura¬
tion of which is shortened following activity or loss of sleep, and
that the direct cause of such shortening is probably the action of acid
bodies on the vascular musculature.

While the test is local, it is affected by general bodily activity and
is an index to the subject's sense of general fatigue.

The Test.—The test is performed in a darkened room. The subject exposes
the anterior surface of the forearm, against which the concentrated rays of
the 25 W. Mazda bulb are directed. A black background is very helpful, in
resting the observer's eyes and in increasing the definition of the area to
be observed. The Ryan instrument is grasped, and the wooden marking disk
is pressed on the subject's forearm until the standard pressure (90 gm.) is
indicated. This pressure was the same in all the tests. Then two strokes
are made, without changing the pressure, across the forearm as rapidly as
feasible. A stop watch is snapped at the end of the first stroke. At from
ten to thirty seconds white lines appear where the strokes were made. The
watch is snapped, read, and restarted, with the loss of only a fraction of a
second. The first reading indicates the "latent period." As soon as the first
indication of blushing of the white lines sets in the watch is again snapped :
this second reading is the "duration time," and it is, according to Ryan, the
more variable and significant figure.

By the foregoing technic the vasomotor phenomenon is practically
always a pure white ; in this respect it differs from the reaction
obtained with a sharp instrument, when a red line is characteristically
seen in the middle of the white reaction. In only one of several
hundred tests made at Lakewood was a red vasomotor reaction (the
common "tache") seen. In this instance the red line appeared in
a few seconds, and no secondary white reaction could be seen ; on

repeating the test immediately after exercise a pure white reaction,
of the usual type, was obtained. This observation was interesting,
because it showed that there is a direct effect on the vasomotor sys¬
tem from even light general exercise.

Certain precautions were rigidly adhered to in performing this
test, with the purpose of eliminating as far as possible the element
of personal error in reading the reaction. If the observer is making
a series of observations on the same individual, he should have no·

knowledge of previous readings ; if he knows, for instance, that a

reading of thirty seconds had been made an hour before he will
unconsciously expect subsequent readings to be at about the same

time. To avoid this, all the readings made at Lakewood were dictated
to a clerk, who alone was aware of previous figures. The room in
which the observations were made was always warm enough to pre¬
vent chilling; if the subject is not comfortably warm, the skin is not
pink enough to show a satisfactory reaction. Moreover, a blanched
skin is apt to be made pinker by exercise, and, if readings are made
before and after exercise, an element of error is introduced on account
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of the altered color of the skin. It was found that the test is very
unreliable in the case of Jewish patients, probably on account of the
usually sallow complexion of the skin, which furnishes an unfavorable
background for the reaction. In the case of several men of this race

no reaction whatever could be seen; in others, it was indistinct, and,
in still others, the figures were so bizarre, that they must have been
due to errors in reading the tests. For these reasons all figures
obtained from tests on Jews were uniformly eliminated from the
calculations here reported.

The Day Curve.—The first observations were on the day fatigue
curve. Readings were made on fifty-four men at 8: 30 a. m., 11 a. m.

and 5 p. m. These men were all subject to similar routine. There
were exercises before the first reading. There were also exercises
at 4 p. m., but there was an average rest period of one hour between
the afternoon exercises and the last reading. During the day the
men were occupied with various light duties in the educational depart¬
ment, none of which was really fatiguing, and by walking or resting
at their pleasure. The men for the test were taken from the cardiac
wards. After the readings were made, they were grouped according
to the clinical diagnoses of the patients, and the average days curves

of the various groups of patients were calculated. They are shown
in Chart 1. The diagnoses physically inferior, constitutionally infe¬
rior, emotionally sensitive, and neurotic are applied to groups of
patients who have the syndrome of irritable heart; these subdivisions
are based on suggestions made by Campbell8 from a study on the
patients with cardiovascular disorders at this hospital. The organic
group represents all patients with demonstrable organic disease of the
heart. The post-infection group contains those patients who develop
the symptoms of irritable heart after an acute infection, but in whom
no organic disease of the heart can be demonstrated. Chart 1 shows
nothing striking. There is a general correspondence among the
curves ; the more marked fatigue occurs between the latter two read¬
ings, except in the case of the group of physical inferiors. The most
marked fatigue occurred in the emotionally sensitive group; this was

again the case when readings were subsequently made just before
and after exercise. In all groups the evening reading was shorter
than the morning.

Fatigue by Exercise.—In order to make a quantitive estimate of
the fatigue produced directly by physical exercise among men with
irritable heart, readings were made in fifty-four cases just before and
after exercise. The figures were again grouped according to clinical

8. Campbell: J. A. M. A. 71:1621, 1918.
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diagnoses, and the results are shown in Chart 2. The first reading was

made between 3 and 4 p. m. ; at 4 o'clock the men had light "setting-up"
exercises, at the end of which they reported for the second test.
These results have particular bearing on the subject of fatigue in
men with irritable heart. This general diagnosis includes Groups
A, B, E, F, G and I in Chart 2. In Group  are two cases of
hyperthyroidism with cardiac symptoms. The other groups are similar
to the corresponding groups in Chart 1.

Chart 1.—Day curve of vasomotor reflex. A, physically inferior, eight
cases ;  , constitutionally inferior, seven cases ; C, post-infection, twelve cases ;
D, organic, eighteen cases ; E, emotionally sensitive, four cases ; F, neurotic,
five cases. Above are charted the average morning, midday and evening read¬
ings of the reflex of various groups of patients.

It will be seen from the chart that the two larger groups—the
groups of the physically inferior and the constitutionally inferior-
show definite fatigue of almost equal degree. Of sixteen men in
these two classes, thirteen complained of fatigue from these light
"setting-up" exercises. To avoid prejudice on the part of the observer,
the readings were made before the men were interrogated as to
their symptoms. It is, therefore, evident that patients belonging to
either of these two groups do not imagine their fatigue; it has, appar¬
ently, a physical basis. From the general attitude of these men, one is

9. Lee, F. S. : Pop. Science Monthly, February, 1910.
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rather apt to feel that, as suggested by Lee,9 fatigue has "become a

habit" with them. He says, "Our sensations become our servants or

our masters, according as we will." There is no doubt that men of
these classes are servants of their sensations, and that fatigue has

Chart 2.—Vasomotor reflex before and after exercise. A, physically inferior,
five cases ; B, constitutionally inferior, eleven cases ; C, post-infection, ten
cases ; D, organic, fourteen cases ; E, neurologic, two cases F, emotionally
sensitive, one case; G, chronic invalidism, three cases; I, neurotic, three
cases; J, no disease, one case; K, hyperthyroidism, two cases.

become a habit, but it is illuminating to see that they actually suffer
more fatigue than do their fellows of the organic and post-infection
groups. The records of the smaller groups require no comment,
except to point out that, here again, the emotionally sensitive group,
as was the case in the day curve (Chart 1), shows the most marked
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fatigue. Group G shows the "duration time" increased after exercise.
Such a phenomenon is not uncommon in individuals who are physically
strong. In this case the average reading after exercise was carried
up by one that was nine seconds longer after exercise than before.
The subject who showed this was an unusually powerful and active
man; his symptoms were of purely psychoneurotic nature.

The organic and post-infection groups are much alike. The organic
group may be considered a fairly satisfactory normal control, so far
as fatigue is concerned, on the functional groups. All the men in the
organic group had mild cardiac lesions well compensated. There was

a striking correspondence between the sensations of these men and
the readings of the vasomotor reflex. In the case of five men who did
not complain of fatigue there was an average prolongation of the
"duration time" of three seconds ; eight men who complained of vary¬
ing degrees of fatigue showed an average shortening of the time by
three and one-half seconds. The neurologic group contains patients
with irritable heart who have definite history or signs of organic
neurologic disease, such as epilepsy. The group of the chronic invalids
consists of men with the same symptoms as have all the other func¬
tional cardiac cases and who are chronic psychoneurotic patients with
a history of chronic invalidism. The neurotic group contains men

with the same symptoms, with somatic nervous phenomena, such as

vomiting, frequent fainting, or excessive giddiness.
Why so many men with irritable heart have rapid fatigue is a

problem which defies solution without further data. Lee9 says that
"physical training . . . consists largely in the development of a

power of resistance to the toxic fatigue substance." These men have
not exercised in the past (most of them), and they have very little
resistance to fatigue. The development of such resistance is probably
not the least of the benefits which patients with irritable heart derive
from graded exercises.

The Vasomotor Reflex and the Skeletal Musculature.—After the
day curve of the vasomotor reflex had been observed in sixty-five men,
it was thought that a comparison of these figures with the total
muscle strength of the same men might prove of interest. This was

done without regard to the nature of their various disabilities. The
vasomotor reflex time was calculated by taking the average "duration
time" of the three readings—morning, noon and evening. These
figures are compared in Chart 3 with the strength to weight ratio of
the same men. This ratio had been determined by Captain Bertnard
Smith and the writer. It was done by first estimating the total body
strength by use of the Martin spring balance, and then dividing this
figure by the weight of the individual. The resulting ratio represents
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the total muscular efficiency of the individual. In Chart 3 the vaso¬

motor reflex readings are arranged in sequence, from the longest
"duration time" (46 seconds) to the shortest (20 seconds). The
strength-weight ratio is indicated by the same scale. There is a general
but definite relation between the "duration time" and the strength-
weight ratio. The men with vasomotor reflex times of relatively long
duration are the stronger men. This would seem to indicate that

Chart 3.—The hollow blocks represent the vasomotor reflex, and the num¬
bers over the columns indicate the number of men whose "duration time" is
thus shown. The solid columns represent the strength-weight ratios of the
same men grouped in the same order.

there is a correspondence between the strength of the arteriolar mus¬

culature and the skeletal musculature in a given individual.
The Convalescent Curve.—During the influenza epidemic the day

curve of the vasomotor reflex was observed in the case of seven men,
all of whom were in the first week of convalescence from uncompli¬
cated influenza. These men had not yet returned to graded exercises
or to educational work, although they were up and about their rooms.
The curves are shown in Chart 4. The type of curve is characteristic
and is unlike any of the normal day curves. This V-shaped curve is
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uniformly present in the seven patients tested, except in the case
marked 1 on the chart : this patient had the most severe illness of any
and was out of bed for the first time. This probably accounts for the
fact that he did not show recovery from fatigue in the afternoon, such
as is shown by all the others. This rise in the "duration time" during
the afternoon in the other men is difficult to explain. The morning
seems to have caused fatigue in each case. The only difference

Chart 4.—Day curve in patients convalescent from influenza.

between the morning and afternoon routine of these men consisted in
cleaning their rooms in the mornings, while the afternoons were

devoted to absolute rest. Further observations on patients convales¬
cent in bed should be made, as such a study might produce a method
of determining the end of convalescence.

This work was done under the direction of Major Francis W.
Peabody in the general study of the Irritable Heart of Soldiers at
U. S. A. General Hospital 9, Lakewood, N. J.
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CONCLUSIONS  

1. The quantitative estimation of fatigue by the white vasomotor
reaction, as suggested by Ryan, is of value in the study of clinical
conditions. Owing to the various sources of possible error in the test,
it is more suitable for group study than for individual cases.

2. The day curve of fatigue estimations is much the same in the
several groups of cases that have the syndrome of irritable heart as

in those with organic heart disease.
3. Patients with irritable heart who fall into the groups of general

constitutional inferiority or pure physical inferiority show very rapid
fatigue on exercise. This fatigue can be measured, and is an actual
physical phenomenon and not of psychic origin.

4. There is a correspondence between the general body strength
and the duration of the white vasomotor reflex. This suggests that
there is a relationship between the strength of the skeletal musculature
and the arteriolar musculature in a given individual. It is not con¬

sidered, however, that the test is accurate enough to warrant estimat¬
ing body strength from the vasomotor reflex in an individual case.

5. An unusual type of day fatigue curve, of V-shape, is usually
found in patients convalescent from influenza. It is unlike the day
curve obtained in any ambulant patient and may be characteristic of
convalescence.

INFORMATION FOR AUTHORS OF MILITARY MEDICAL PAPERS
The circular on Medical Publications issued by the Surgeon-General's

Office, March 27 and May 22, 1918, required (Paragraph 423, Manual of the
Medical Department) that all medical manuscripts by medical officers, U. S.
Army, intended for publication should be first submitted for approval to the
Surgeon-General's Office, Washington, D. C. This regulation is still
in force as far as medical officers on active duty are concerned. In the case

of medical officers recently retired from active duty, in S. G. O. 700.7, issued
March 20, 1919, it is requested, as a courtesy to the Surgeon-General and in
aid of assembling material for the Medical History of the War, that all med¬
ical manuscripts based on military or official records or on military experience
during the war, be submitted for record and approval, as heretofore, to the
Secretary, Board of Publications, Surgeon-General's Office, Washington, D. C,
and that such manuscript be accompanied by a carbon copy. On approval, the
original copy will be forwarded for publication to the journal designated,
and the carbon will be filed in the records of the Medical History of the War.
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